Factors in the fracture microenvironment induce primary osteoblast angiogenic cytokine production.
Neoangiogenesis is essential for successful wound repair. Platelets are among the earliest cells recruited to a site of skeletal injury and are thought to provide numerous factors critical to successful repair. The release of platelet-derived growth factor (PDGF) after skeletal injury increases osteoblast proliferation, chemotaxis, and collagen synthesis; however, its angiogenic effect on osteoblast biology remains unknown. The purpose of this study was to investigate the effect of recombinant human (rh)PDGF-BB on the synthesis of vascular endothelial growth factor (VEGF) by primary neonatal rat calvarial osteoblasts. Furthermore, the authors investigated whether PDGF works in concert with hypoxia, another component of the fracture microenvironment, to additively or synergistically induce VEGF production. Osteoblast cultures were stimulated with varying concentrations of rhPDGF-BB (1, 10, 50, and 100 ng/ml) in normoxic and hypoxic (<1% oxygen) conditions for 0, 3, 6, 12, and 24 hours, and VEGF gene expression was analyzed by Northern blot analysis. To determine whether rhPDGF-BB-induced VEGF messenger RNA (mRNA) expression was transcriptionally mediated or required de novo protein synthesis, transcription, and translation, studies were performed using actinomycin D and cycloheximide, respectively. Treatment with 50 ng/ml rhPDGF-BB resulted in a 2.4-fold increase in VEGF mRNA expression after 3 hours. Interestingly, rhPDGF-BB and hypoxia seemed to have an additive effect, resulting in a 3.7-fold increase in VEGF mRNA expression after 6 hours in primary neonatal rat calvarial osteoblasts. Furthermore, by using actinomycin D and cycloheximide, the authors demonstrated that the rhPDGF-BB-induced VEGF mRNA expression was transcriptionally mediate and not dependent on de novo protein synthesis. These data demonstrate that rhPDGF-BB transcriptionally increases osteoblasts VEGF mRNA expression in vitro. Furthermore, the semiquantitative results suggest that rhPDGF-BB and hypoxia act additively to increase VEGF mRNA expression. It is postulated that similar mechanisms may occur in vivo, at a site of skeletal injury, to induce neoangiogenesis and promote fracture repair.